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.At)sltact, Vcmical column  mcasLIrcmcI)ts  of tk g a s e o u s
col]lposiliot)  of the tropical strtitosphcrc  were made fro]l~  [Ilc
NASA lX~-8 aircraft early in 1992. As anticipate, (he
[JLIIXIC.IIS  of [Ilc s[]alosphcric  source gases (e.g. 03, f ll;, f I(I,
(~lN03,  1 IN03) were reduced  from their mid-l ati[ude  valucx
(IUC [0 illcrcascci up]ifl and photolysis.  ‘1’hc (IHccm r e v e a l e d
COIL$idHHb]y IMOI’C llJiift  llCal’  tk C(JUatOl”  thfil] thC SHbtl”OJJiCS,
1“01” CXWIJ)]C>  the 1 II: blll”dcns  at ~ 200 la[i[udc ((),5()X1()”
l) K) ICC. CII)’2) \\’cl’e. 1KMI”]% cioLIb]c thOSC at 5°N (().27 xl()]5
II] OICC. CI]l”2).  ‘1’his,  togclhcr with rcsul[s obtained from other
Iol]g,-livul  gases (c.:,. NZO, 014,  C3~zC12) inciicatcs tlla(  VOIUIHC
Il]ixing, ralios  found a( 22 km alti[udc a t  mid-lfititudcs
occurrc(i  al 26 kn] in the sut>-tmpics an(i a t  30 kIIl in (he
c(iualorial  mnc. ‘1’his zone of up]ifl  was sylmnclrical  abou( lhc
C(]\liitOl”  cwcll (bough  the sun was ovcrbcad  at 200S.

Observations

‘1’i]c J1’1, h4kl V interferometer, a l;ouricr  “1’ransform lnfra -
Rc(i (1~1’1 R) Spccu”omclc]”  JM”posc-btlilt  for RtmosJ)llcl”ic  lcl)lotc
IIIC:ISLIrCIIIC.IItS  (’1’cmn, 1991), was one of twelve instruments
ills[allcxi  011 the NASA 1X-8  aircraft to participate in the
sccon(i  Airborne Arctic Stratosphere 1 ixpcrimcnt  (AASI { 11).
IJl]ril]g this ll)rcc nmnlh  campaign, 19 flights were con(iuctc.(i,

ti]c ]wijority  over the Arctic region (’1’oon ct al., ] 992c).  lhur
fligllls were Inadc to lower latitudes in order to assess the
i]llpacl  of Ihc l}il]filubo eruption on the composition of the.
tropical stra[osphcrc.  ‘1’hc locatiom of those observations arc
illuslrtitd  in l:ig,  ure 1.

it should  bc stated al the oulsd  tha( tropical mcasurcmcn[s
using, tile solar absorption (cchnique  arc more difficult [0
Inakc tilan tilosc al higher  latitudes. ‘1’hc optimal solar zenith
aIIglc for this type c)f stratospheric observation is 85° to 88°.
Llllfc)llll]l:itcly,  observed frcm a sub-sonic aircraft, the tropical
suIl takes only a few minutes  to pass through this optilna]
range of zenith angles. IIy contrast, at high latitudes the sun
nlay be held in the optimal range for hours by careful choice
o f  J_ligilt  JXitil. ‘1’hc shor[ tropical sunset/rise transitions
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rcduccd  lhc detectability of solnc gases, giving  rise to larger
errors [hall  in comp:irable  IIlc:isl]l’elllcllls  at high laliludcs.

‘1’hc. quality of the tmpicxtl  data was furlllcr degraded by the
plcsuwc  of cirrus cloud above the aircraft. At l~igl]cr  ]atitudcs
(I)c 1X-8 aircraf[, wl]ich cruises at abou( 11 kIH til[i{ude,  caIl

n e a r l y  always fly alwvc the tropopausc  and its assc)ciate.d
cirrus, but i]) the trol)ics it is tilways well Mow. ‘1’hc prcscncc
of cirrus  was  dctrilncn[al  not just because  it Htlcnuated  the
dir~’c[  solar radiation reaching the. instrumcn~, but minly
lx:callsc  structure in tllc cirrus  CallSCd  intcnsi[y  fluctuations.
Sil]cc  tllcsc fluc[uatiol)s  were generally f{islcr  than the tilnc
(50 s) required  to record H single itltcrfcrograln,  they distor[cd
(Ilc  (k!ptlls al)(l S h a p e s of spectral litlcs i]] the der ived
slxc(rutn, causing greater unc.crlainty in the burdens.

l)ata Reduction

llacll individual s])cctllllllc  ovclc(ltl lcc. ]ltilc.65( )-54( )()c]l l"]
sl)cc[ral  rcg, ion simul[ancous]y  at 0.02 cm-] resolution (30 cm
oplic.al  path difference). Spcclra were averaged  in grou])s  of
4 to 8 before a n a l y s i s . Iklch  averaged  spcc[l’llIn  thcl”cforc

rc])rcscn(s  3-6 minutes  of observation. Averaging rcduccs  the.
labor of analysis al)d provides a smaller unccrlail]ty  in the
rclricvcd  t>urdclls.

‘1’hc data  w e r e  analyzed  b y  ( h e  s a m e  m e t h o d  a s  w a s

described by ‘1’oon et al. (1 !W2a):  A least squares spectral
fit(ing algorithl)l  a(ljustc.d the assumed volume  mixing ratio
(vI1lI) profile of tllc g:is of interest  ulllil  the l ine-by-line
calculation best mtchcd  the observed spectrum. ‘1’hc precision
of Ihc rctricvcd  burdens was then estimated from the quality
of (IN spectral fit. lior ]ntitly  of these gases multiple  spectral
il]tc.rvals were usd to clctcrminc  the amot]nt  of gas (c. g,. f o r
1 IC:l  five sc.paratc lines were used), in which case the value in
‘1’fiblc 1 is the weighted mean.

l)iscussion

Since the vlllr profile of Ulz is almost constant and
accurately known  tlmughom  the troposphere ad stratosphere,
i[s burden can be accurately predicted. ‘1’bus, our measured
(’02 burdens can be used to test for the presence of systematic
effects, such as mors in the observation geometry, m the
assumed tcmpcraturc profiles. 1 ‘igurc 2a shows the mcfin
(])]c.sslllc-tvci~lltcd)  (X), vmr above the aircraft, obtained by
dividing  [he burdens in ‘1’able 1 by the observation pressure.
“l”hc  avcrag,c value was about 355 ppmv,  a value consistent



wit!] in sitl] nmisurc]ncn(s e.g. $khmictl  tind Kl]cdil]]  ( 1 9 9 1 ) .
]kspi[c  (IK variability a[ 26 °-270N (Jan.9) which cxcxmis ti]c
I)masurclncnt  precision, tile rms scatter of tile {Q is s[iii  c)nly
atwul 2%. 1 ‘or Iilc olilcr gases (but not (Q) ti]c. major source
of systc]]]alic  error  was (ilc siltipc of lhcir vmr ])rofiic, wi]icil
CaII  :ivc rise (o an error as large as 8% at tile higi]cst solar
mlli[l~  angles.

IJig,lll”c  2b Silows [Ilc 1 12 0  Vlllr akvc  the  aircraf[. ‘1’ilc
oi)scrva(iolls  nor(i)  of ?5°N were ma(ic above tile. (Iopoimusc

aII(i silow ti]c Iyilicai lower stratospilcric  vmr o f  abou[ 4
i)])t]]v. ‘J’l}c  observations soNtil of ?5°N were nmic  fro]ll below
[ilc Il”opopallsc all(i  so I’cflcct  t i l e  much  lal’gcl’  Il”opospilcrk

I i,() aIllouIlls.  ‘1’ilc Hbrupt (imp in tile mount  of I lZ() al 2 0 0S

Illal”ks  0111’  cmcl”~,cllcc f rom d lar~c region of numc.rous
cllll~lli(~l~it]ll)lls  c]ou(is into clear sky.

:1:1’{!llspol’t.  ‘1’i)c. 111: bllr(iclls  rcporlui  in ‘ 1 ’ a b l e  1  al’c lllllCil

iarf!,c.rti]an  previous tropical mcasurcmcnts  but tilis  is likely
(iuc to tile 10% annual  1 ll; incxmc  (WMO,  1986).  l’cdlaps

tiIc. INOS(  interesting feature exhibited by lll;  is Ii]c sInaii  si7c
o f  tile  c(iufitorial  hr(icns  mmparcd  witil ( h o s e  in t i l e  sul)-

tmi~ics.  ‘1’ilc  main r e a s o n  for tilis is tilat  upwcliing  c a u s e s

a(ivc.clion o f  I  Il;-poor  tropospimic  air into Iilc l o w e r
slratos])ilc.rc.  ‘J’i]c sa]l)c  ul)wclling  ilas the  opposi te  ef fect  on

lroimspilcric  s o u r c e  f,ascs. ‘1’i)c obscl’vcci  Cnilanccmcnts  o f

e q u a t o r i a l  1  l~N,  NZO, 014,  OizOz  and  ~f ’03  bur(ic.ns  a r c

quanlitativciy  ccmsistcnt  witil cad otkr atlci with the loss of
f ll;, alli)oup,i]  tilis is not immxiiatcly  apparent  from ‘1’able 1
(iuc [0 tl]c fact tiltil (ii ffucmcs in tile aircrafl altitu(ic lnask the
ialitu(iillai  variations of tllc tmpospilcric  source gases. ‘1’0
Illinilnizc.  suci) drtifidcts,  tile b u r d e n s  of t h e s e  g a s e s  wm

rctricvui not by scalin~ tile a s s u m e d  vmr pmfilc, tmt by
squasi~ing it ill the vertical (SCC ‘1’oon ct al., ] 9921>)  accor(iing
(o tile c(iuation

Valmx for tile lkgrcc  of Subsicicncc  (IX)S) WC]C cierivcd  for
caci~ si~cctmm  by averaging tile rcsulls obtaincci from 1 ll;,
N20, (:i 14, an~i 0~2(Yz. Of course, tile 1XX3 values  rcportcci in
‘1’ab]c  ] aIC somcwi~at a r b i t r a r y  dcpcnciing  on t h e  iIlitial

rcfcrcmcc  profiles, whici]  were mid-latitucic  vmrs s(rctchcd in
tl]c ver[ical  so as to :,ivc 110S values  of around  zero in the
W3pics. IX)S increased  wi th  la t i tude ,  to 0.15 in the sut>-
tropics, and 0.36 at mici-latitucics, indicating that vmrs foun(i
at 30 kIII altilu(ie  near  the  equator  would  be found at 26 km



in tlw subtropics and al 22 km at mid-latitudes. l:ig,urc 3
i]lustralcs  tlIc c o n s i s t e n c y  in the vcrlical  shi f ts  dcrivexl  frolll

lhosc diffmmt  trams, ad also illustrates tha[ tl]cir gradicn(
is :,rca[c.r in the subtropics than at mid-] a(itudcs.  A large
~radicnl  is indicative of a stratospheric barrier 10 lat i tudinal

UXIISPOII, SW+ m OCCLIIS  at tlIC C~gC of tlK POIN vor~iCcs.
‘]’l~is  \J:~rljcl  sccllls  llll(lc]cstilll:~tc(l  in Cul”rc]lt  c i r c u l a t i o n

]llodcls. l~or example, Kayc et al.(1 991) prdic[cd tha[ the 111;
b~lrdcns  in (Ilc 30-37° latitu(ie rting,c  should be double  II1OSC
at tl]c c.quator.  Our results (I;igurc  4a) show tl)a[ doubling
(.) L’L’111’I’L’(1  by ?.2°.

f:l)cmlical  l':i:[iti()!~j!]g.li  i:,l]rc4L ~sl]o\vstl ~clllcas~ilc(lll(:l
I)urdcns. While  ll~c latitudinal variation is qualitatively similfir
[0 }Jrcvious  lllc:lslll”clllcllts  (Mankin  ad ~offc.y,  1983; (;irard
cl al., ]~8~; ad KaK+cr et 21., 1%S8), OU1’ ]](:] alllOU1lt  S al’C
I]igtlcr, a  p r o b a b l e  conscqucncc  of the 5% annual 110
incrcasc.  OLIr measured llO/lll ; ratio incrcascct  fro]n around
3.3at  l]ti(i-1~ltitlt(lctC)4,-1  illtllc tlo]~ics.’  l’l]isi  sco]lsistclltwitll
LIlc idea (Kayc. et al., 1991) of a greater fraction of troJJical
i n o r g a n i c  fltlorine  being in the form of U3]:z ad U)liO
rather than Ill;, and so should not be intc]pctcct as evidence
of volcanic il]jcc[ion of 11~1 from the Pinatubo  eruption.

Ascxl~cctc(i,t  l~cc(]t]at()]ial~  lN03[>tl]dc1]s(( ).55~,2(lx  10’S
]nolcc.  en]’?),  calculated as the weighted average of the values
ill ‘1’able  1, were smaller than those observed in the sub-
topics ((),7(H .20) or mid-latitdcs  (1 .20:+ 0.20). 1 IOC1 was not
dc.tcctablc in any of the tropical spectra, but values  were
illcludcd in ‘I”ablc 1 to provide upper  limits.

Our observed IIN03 burdens (l~igurc 4c) arc brotidly
consistent with the p]-evious  low latitude measurements of
Karchcr e t  al.(1988),  (~offey  et al.(1981)  and Girar(t ct
al. (1983), but llOt the VCly ]OW (( L9~(L2x10’5 ll10]CC.CIll-2)

burdcw m e a s u r e d  b y  Karchcr et al.(1988)  at 100S in June
]984. OLIr ]IN03 burdens at f200 latitude were ahnost
ident ica l  a t  6.1x1015  molcc.cm-2 despite the sun being
overhead at 200S aIId \\’c.]cI  ]lo].ct  llarl(lo~]tJlct  l~oscfotlIlcl  near
tl~ccquator.  Sincclhccontmt  between thccquatoria]  ardthc
s u b t r o p i c a l  IIN03  burdens  is greater than  that of IIIJ, one

n]igh(  argue that photolysisof  equatorial IIN03 augments the
loss due to uplif(. IIowcvcr, since (he sun was  overhead at
20° S, uplift must  ncvcrthclcss  play the dominant role in
dcfinins tllc latitudinal  distrihtion  of 11N03.

our tropical N02 burdens (]:igarc dd) WCI°C  somewhat ]owcr
than prc-1’inatubo  mcasurcmmts,  prcsunlably  a consequence
of lICtCIOgCIICOUS  c o n v e r s i o n  o f  N20 5 tO IIN03  011 l)inatubo
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acwsol,  ht 1101  the Pdc[or  2 s e e n  at mi(l-latituctc  s u n r i s e s

(’1’0011 c1 al., IWk;  J o h n s t o n  d al., 1992). ‘1’his is to bc
Cx]utcfl  silm Ihc fas[cr r a t e  o f  llN03  pholo]ysis  in t h e
IIo])ics  would rcducc !Ilci]npact of llctcrogcllcoLl  sj>]()(lllcli()ll,
out sl]]~sc(  Not bU1’(iCIIS  (1.78 x10’5 INOICC.CJN”2)  obscrvc[i  a t
4C’-8”N  arc lower than any previous tropical sunset ICSLIIIS.  lkr
Wll)])lc,  ?.9X10’5 llIOICC.  CI)l “

2 was n]casurcc]  in June ] g~8 by
Coffey C( al (1 981), and 1 .95X 10’5 

molcc.cIn”2  was ll)casllrc(i

ill  .ILIIIC 1984  by Ktirchc.r  ct al. (1988). ‘1’hc (tiurlla]  cycle of
N ( )  a[](l N02 IMikc.s  i t  difficult  to asccr[ain their tmc
latitudinal] variation. 1 lowcvcr, at sansct  there was ccrlainly
20% lCSS N{) and N02 in the cquatoria]  mnc  (2,7 & 1,8 x 10IS
11101 CX’. C1H”2 rcspcctivc]y)  thaI~ at 2 0 0N  (3,3 & 2 . 2  xlo]~
IIlolcx’.  cll) ‘ 2 rcs])cc[ivcly)j  a rcsu]t consistcmt wi th  previous
]]]casl]]ci]]c]](s  (WMO, 1986).

Omnc  burdens were fairly constant across the entire tropics
and subtropics at about  C).2x101s (230 llobson  Units). ‘1’hc.
fac[ that oxollc was not rcduccd  by uplift  in lhc cquatorinl
mnc like 1 II; or 1 lN03 incticatcs that the timcscalc of its
for[llation  was fas[cr than that of lhc upward lllotion,  so that
omnc was able to rc-establish its chemical equilibrium. While
in si[u IIlc:lsl]lc.l]lc]lts  of tropical oz,onc (Grant ct al., ] 992,)
rcvcalcd dccrcascs as ltirgc as 20% in the 20-30 k]]) altitadc
range following the l)inatubo  cmption, iacrcascs above and
twlow tl]csc altitudes alnc]ioratc(i  the total pcrtarbation to (hc
oz.onc  burdcm [0 less than 596. Given Ihc sparsity  of our
l~]caslll.c.l]]c]lts,  it is not surprisii]g  that wc cannot  confirm a
5% tropical total omnc  loss.

Summary

‘1’hc 1992, cquatoria]  lower stratosphere was uplifted some
4 km with respect to lhc sut)-lropics, Since previous tropical
masurc]ncnts  (by other instrumcnls) show large scatter wc
cannot say whether this amount of uplift is normal or was
aug,lnctltcd  fro]]l  heating by l)inatubo  acroso]. ‘1’his uplift
ap])cad  to bc symmetrical about  the equator, despite the sun
bc.i]lg,  overhead at 20°S, indicating that it is not ctircctly driven
by solar heating. Al)art  from slightly rcctuccd N() and N02
burdens, the partitioning of the chemically active spccics
appcwcd  normal, with no cvidcncc of hctcmgcncous chemical
reactions involving chlorine.
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(Rcccivd:  April 2, 1993;
acccptcd:  June 28, 1993)

I ‘ig.l. 1 mations  of Illc observations discussed in this paper:
Jatl,8 sui)sd (cress), Jan.1 1 sunrise (diamond), Jail.28 stlnrisc
(circle), Jan.30  sunset (square), and l’cb.20  SUDSCI (triangle).

1 ‘i{:.2. Meal)  vlllrs of (X)l and IlzO above lhc aircraft.

f;ig.3.  \/cr[ictil  shifts of the rcfcrcncc vmr pmfilcs required 10
I~Ialch observed spectral absorption features: Ill/ (Y symbol),
Nzo (Z syl]ltml),  Cl 14 (bow-tic), and ~f:z~lz  (hour-glass).

l;ig,.4.  1 ,atitudina]  variations of the burdens (molcc.ml-2) of
IIf:, 11(71,  llN03,  and N(+.

‘1’ab]c 1. SuInmry  of observations discwsscd in the paper.
lX)Y is [he. fuac[iona]  day of the year (cog. 9.050 is 01:12 U’]’
On Jailliary 9’1’), 1,at,  is the latitude, and 1.o]). is the longitadc.

O is the solar zenith mg,lc (dcgrccs).  1) and ‘1’ arc the pressure
(I]IIMir) and tcmpcraturc (K) outside the aircraft at the ti]nc of
each obscrvti[ion.  1)OS is the dc~rcc  of subsictcme  (see tcx[).

‘1’hc scconcl row contains  the exponents of the multiplim to
tm applied to the values bdow  tlmn, ‘J’llc Tc,]]]fiil](lc]  of tllC

tab]c contains the measured tmrdcns of cad gas (molcc.cm-2).
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2.131.08 0!90! .03 6.08:1.05
0.401 .(L4 1 .53i .03 8.08:1 ,(}’I
o.42i .05 1 .56:{ .04 7.95:1.04
o.44~ .05 1 .54i .(}1 8.01:1.05
0.53:1,06 1.58.1.05 8.07:1.05
1 .39J .07 0.60J .03 5.99.1.05
1 .X-H .13 O.w .06 6.1 5:+ .08
1.40J,13 0.67:1.07 6.1 w .08
1.77:1.09 ().2’8f  .03 6. 17j .0.1
1 .79J .09 0.31:1,03 (). old .(LI
1.7W .07 ().29J .()? 5.8W ,03
1.92+ .11 ().47: .01 6.?9-I .05
?.,00J  .07 0.56:1.03 6.42+ .(L4
2.201,06 0.62-1.02 6.34:1.04
2.36:{ .06 0.67:1.02 6.23~ ,03
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